The wood apple (Limonia acidissima L., Rutaceae) is a tropical fruit that is distributed in dry, warm regions of Burma, India, Malaya, and Sri Lanka [1] . The fruit and stem bark are well known for medicinal properties such as fungicide, bactericide and insecticide activities, and the fruit pulp is also applied externally as a remedy for certain insect bites [2] . Thanaka, a root paste made from the pulp of L. acidissima, is a facial cosmetic that is also used to remove small spots and lesions on the skin [3] . Previous phytochemical studies on different parts of this plant revealed the presence of coumarins, steroids, triterpenoids, benzoquinones, and tyramine derivatives [4] [5] [6] [7] [8] [9] . Some coumarins isolated exhibit antifungal activities [6, 10] . In the course of our continuing search for biologically active compounds from natural medicinal sources, we investigated the bark of L. acidissima. Phytochemical investigation of the EtOAc-soluble fraction of the ethanol extract of this herb led to the isolation of three new benzamide derivatives, N-{[p-(3,7-dimethyl-6R,7-dihydroxy-4R-octadecanoyloxy-2-octenyloxy)phenyl]ethyl} benzamide (1) , N-{[p-(3,7-dimethyl-6R,7-dihydroxy-4R-9′′′(E)-octadecenoyloxy-2-octenyloxy)phenyl]ethyl} benzamide (2) , and N-{[p-(3,7-dimethyl-6R,7-epoxy-4R-9′′′(E)-octadecenoyloxy-2-octenyloxy)phenyl]ethyl} benzamide (3), together with 10 known compounds (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) . The structures of these new compounds were determined through spectral analysis, including extensive 2D NMR data. This paper describes the structural elucidation of the new compounds (1) (2) (3) and the NO production inhibitory activity of compounds 1-13 in BV-2 cells (l " Fig. 1 ).
Materials and Methods

!
General experimental procedures
All melting points were determined on a Gallenkamp melting point apparatus and are uncorrected. Optical rotations were measured on a Jasco P-1020 polarimeter in MeOH. IR spectra were recorded on a Bruker IFS-66/S FT-IR spectrometer. UV spectra were recorded with a Shimadzu UV-1601 UV-Visible spectrophotometer. FAB and HR-FAB mass spectra were obtained on a JEOL JMS700 mass spectrometer. NMR spectra, including (2) , and N-{[p-(3,7-dimethyl-6R,7-epoxy-4R-9′′′ (E)-octadecenoyloxy-2-octenyloxy)phenyl]ethyl} benzamide (3), together with 10 known compounds (4-13), were isolated from the bark of Limonia acidissima. The structures of these new compounds were determined through spectral analyses, including extensive 2D NMR data. Among the isolates, 13α,14β,17α-lanosta-7,9,24-triene-3β,16α-diol (8), 4-methoxy-1-methyl-2 (1H)-quinolinone (10), and 13α,14β,17α-lanosta-7,24-diene-3β,11β,16α-triol (13) potently inhibited nitric oxide (NO) production in microglia cells. 
New Benzamide Derivatives and NO Production Inhibitory Compounds from Limonia acidissima
Extraction and isolation
The dried bark of L. acidissima (3 kg) was extracted with 85 % EtOH three times at 85°C. The resulting ethanol extract (250 g) was suspended in distilled water (7.2 L) and then partitioned with EtOAc, yielding an EtOAc-soluble extract (50 g). The EtOAcsoluble fraction (50 g) was separated over silica gel column (230-400 mesh, 500 g) eluted gradiently with n-hexane-EtOAc Table 1. 13 C-NMR (CD 3 OD, 125 MHz) data: see l " Table 2 . 1 H-NMR (CD 3 OD, 500 MHz) data: see l " Table 1 .
Isolated compounds
N-{[p-(3,7-dimethyl-6R,7-dihydroxy-4R-octadecanoyloxy-2-oc- tenyloxy)phenyl]ethyl}N-{[p-(3,7-dimethyl-6R,7-dihydroxy-4R-9′′′(E)-octadecenoy- loxy-2-octenyloxy)phenyl]ethyl}
13
C-NMR (CD 3 OD, 125 MHz) data: see l " Table 2 . Table 2 .
Hydrolysis of compounds 1 and 2
Compounds (1: 3.0 mg; 2: 2.5 mg) were hydrolyzed with 10 % EtOH/KOH (2 mL) at 40°C for 1 h. The mixture was acidified with 0.1 N HCl, and then H 2 O (5 mL) was added and the product was extracted twice with CHCl 3 . The combined CHCl 3 layers were evaporated under reduced pressure to give the CHCl 3 extract (1.7 mg from 1; 2.0 mg from 2). This was purified over a silica gel Waters Sep-Pak Vac 6cc (CHCl 3 /MeOH 30 : 1) to give 1a (0.7 mg) from 1 and 2a (1.4 mg) from 2. The aqueous layer of the mixture 
Hydrolysis of compound 3
Compound (3: 3.0 mg) was hydrolyzed with 5 % EtOH/KOH (2 mL) at room temperature overnight. The mixture was acidified with 0.1 N HCl, and then H 2 O (5 mL) was added and the product was extracted twice with CHCl 3 . The combined CHCl 3 layer was evaporated under reduced pressure to give the CHCl 3 extract (2.0 mg). This was purified over a silica gel Waters Sep-Pak ® Vac 6cc (CHCl 3 /MeOH 30 : 1) to give 3a (0.6 mg) and 3b (0.8 mg). The aqueous layer of the mixture was also evaporated under reduced pressure to give the H 2 O extract (0.9 mg). Purification of the water extract by a silica gel Waters Sep-Pak Vac 6cc (CHCl 3 /MeOH 30 : 1) afforded (E)-9-octadecenoic acid (0.7 mg). 
Preparation of the (R)-and (S)-MTPA ester derivatives of 1a and 3a
Compound 1a (0.7 mg) in deuterated pyridine (1.0 mL) was transferred into a clean NMR tube. (S)-(+)-α-methoxy-α-(trifluoromethyl)phenylacetyl chloride (10 µL) was immediately added to the NMR tube under a N 2 gas stream, and then the NMR tube was shaken carefully to mix the sample and MTPA chloride evenly. The reaction NMR tube was permitted to stand at room temperature overnight. The reaction was completed to afford the (R)-MTPA ester derivative (1r) of 1a. In the same manner described for 1r, the (S)-MTPA ester derivative (1s) of 1a was obtained. In the same manner described above, the MTPA ester derivatives (3r and 3s) of 3a (each 0.3 mg) were obtained. The 1 H-NMR spectra of 1s, 1r, 3s, and 3r were directly measured in the reaction NMR tubes. 
Nitrite production inhibitory and cytotoxicity assay
To measure NO production, BV-2 cells were plated in 96-well plates (3 × 10 4 cells/well) and treated with 100 ng/mL LPS (Sigma), in the presence or absence of samples, for 24 h. Levels of nitrite, a soluble oxidation product of NO, in the culture media were determined using Griess reagent. The supernatant (50 µL) was harvested and mixed with an equal volume of Griess reagent (1% sulfanilamide, 0.1 % N-(1-napthyl)ethylenediamine dihydrochloride in 5 % phosphoric acid). After 10 min, the absorbance at 540 nm was measured using a microplate reader. Sodium nitrite was used as a standard to calculate NO 2 − concentration. Cell viability was measured using a 3-[4,5-dimethylthiazol-2-yl]-2, 5-diphenyl-tetrazolium bromide (MTT) assay [12] . N G -monomethyl-L-arginine (L-NMMA; Sigma), a well-known NOS inhibitor, was tested as a positive control. 1 and 2) , and 1 H-1 H-COSY spectra, the differences between compounds 1−3 lie in the substituted monoterpenes and fatty acid moieties: a 6,7-dihydroxy geranyloxy moiety and octadecanoic acid in 1; a 6,7-dihydroxy geranyloxy moiety and (E)-9-octadecenoic acid in 2; and a 6,7-epoxy geranyloxy moiety and (E)-9-octadecenoic acid in 3. Table 1 ) of 1 were similar to those of acidissimin [13] , except for the replacement of a double bond at C-6 in acidissimin [13] Table 2 ) of 1 displayed 21 carbon signals, except for carbon signals assignable to the octadecanoyloxy moiety. An N-benzoyl-O-substituted tyramine was recognized from the presence of benzoyl, 1,4-disubstituted phenyl, and CO-NH-CH 2 -CH 2 -moieties [9] . The 1 H-NMR spectrum clearly indicated the appearance of three methyls at 7-Me (δ = 1.10), C-8 (δ = 1.14), and 3-Me (δ = 1.74). Two hydroxylated carbons at δ = 73.6 and δ = 76.1 were located at C-6 and C-7, respectively, by means of the 1 H-1 H COSY correlations between H-4/H-5 and H-5/ H-6 and HMBCs between H-6/C-4, H-8/C-6, C-7, and 7-Me/C-6, C-7. The proton signal at δ = 4.60 was located at C-1 by 1 H-1 H COSY correlation between H-1/H-2 and an HMBC between H-1/C-3. The proton signal at δ = 5.43 was located at C-4 by HMBCs between H-4/3-Me and H-6/C-4. Based on these data, the 4-substituted 6,7-dihydroxy geranyloxy moiety is proposed as the partial structure in 1. Finally, an upfield triplet at δ = 0.88 (H-17′′′), a broad signal at δ = 1.27 (H-2′′′-H-16′′′) for 30 methylene protons, and a triplet at δ = 2.30 (H-1′′′) suggested an octadecanoyloxy group. The partial structures were built into a complete planar structure from the HMBCs (l " Fig. 2 ). The octadecanoyloxy group was attached at C-4 of the 6,7-dihydroxy geranyl residue by the HMBC between H-4/4-O-CO. The HMBC between H-1/C-1′′ confirmed the connection of the monoterpenoid stearate residue and the tyramine moiety. According to the above data, the planar structure of 1 was elucidated as N-{[p-(3,7-dimethyl-6,7-dihydroxy-4-octadecanoyloxy-2-octenyloxy)phenyl]ethyl} benzamide. Base saponification of 1 with 10 % EtOH/KOH at 40°C for 1 h furnished octadecanoic acid and compound 1a, N-{[p-(3,7-dimethyl-4,6,7-trihydroxy-2-octenyloxy)phenyl]ethyl} benzamide. The structure of octadecanoic acid was confirmed through b direct comparison with its spectral data [13] , and the structure of 1a was determined on the basis of its 1 H-NMR data [8] . The absolute configuration of 1 was determined by a convenient Mosher ester procedure performed in an NMR tube [14] . The NMR data of MTPA ester derivatives of 1a (1r and 1s, l " Fig. 3 ) revealed the R-configurated C-4 and C-6. Finally, compound 1 was characterized as N-{[p-(3,7-dimethyl-6R,7-dihydroxy-4R-octadecanoyloxy-2-octenyloxy)phenyl]ethyl} benzamide. Base saponification of 2 with 10 % EtOH/KOH at 40°C for 1 h furnished (E)-9-octadecenoic acid and compound 2a. The structure of 2a was determined to be same as 1a based on 1 H-NMR spectral measurement. The structure of (E)-9-octadecenoic acid was confirmed through co-separation of compound 4, (E)-9-octadecenoic acid, and by direct comparison with the spectral data of 4 [11] . The (E)-9-octadecenoyloxy group was attached at the 4 position of the 6,7-dihydroxy geranyloxy moiety by the HMBC between H-4/4-O-CO. By detailed analysis of the 1 H-1 H COSY spectrum and the HMBCs, the remaining connectivities of 2 were confirmed. Thus, the structure of 2 was determined to be N-{[p-(3,7-dimethyl-6,7-dihydroxy-4-9′′′(E)-octadecenoyloxy-2-octenyloxy)phenyl]ethyl} benzamide. The absolute configuration of 2 was identical with 1 based on analysis of a convenient Mosher ester procedure performed in an NMR tube. Thus, compound 2 was characterized as Tables 1  and 2 ) of 3 were similar to those of 2, except that the 6,7-dihydroxy group of the geranyl moiety in 2 was replaced by an 6,7-epoxy group in 3. Alkaline hydrolysis of 3 afforded (E)-9-octadecenoic acid, 3a, and 3b. The structure of 3b, N-{[p-(3,7-dimethyl-4-hydroxy-6,7-epoxy-2-octenyloxy)phenyl]ethyl} benzamide, was determined on the basis of its 1 H-NMR data [8] . The structure of (E)-9-octadecenoic acid was also confirmed by direct comparison with the spectral data of 4 [11] . The (E)-9-octadece- The compound 3a, which was obtained from alkaline hydrolysis of 3, was confirmed to be a stereoisomer of 1a on the basis of the 1 H-NMR spectrum and co-TLC analysis with 1a. During the alkaline hydrolysis reaction of 3, the 6-epoxy group of 3b was supposed to be split into the 6,7-dihydroxy group of 3a. By Mosher ester procedure [14] , the NMR data of MTPA ester derivatives of 3a (3 r and 3 s) revealed the R-configurated C-4 and Sconfigurated C-6. Because the absolute configuration at C-6 of 3a, which was the decomposed product of the epoxy ring of 3b, was S-configurated, the absolute configuration at C-6 of 3 was assigned an R-configuration. Finally, the structure of 3 was identified as N-{[p-(3,7-dimethyl-6R,7-epoxy-4R-9′′′(E)-octadecenoyloxy-2-octenyloxy)phenyl]ethyl} benzamide. The known compounds -(E)-9-octadecenoic acid (4) [11] , syringaldehyde (5) [15] , (E)-suberenol (6) [16] , (Z)-suberenol (7) [16] , 13α,14β,17α-lanosta-7,9,24-triene-3β,16α-diol (8) [17] , limonin (9) [18], 4-methoxy-1-methyl-2(1H)-quinolinone (10) [19] , marmesin (11) [20] , rutaevin (12) [21] , and 13α,14β,17α-lanosta-7,24-diene-3β,11β,16α-triol (13) [17] -were identified by comparison of physical and spectroscopic data (UV, IR, 1 H-and 13 C-NMR, and MS data) with those of literature values. The ability of the isolated compounds (1 -13) to inhibit NO production was evaluated in LPS-activated BV-2 cells, a microglial cell line. Among the isolates, 13α,14β,17α-lanosta-7,9,24-triene-3β,16α-diol (8), 4-methoxy-1-methyl-2(1H)-quinolinone (10), and 13α,14β,17α-lanosta-7,24-diene-3β,11β,16α-triol (13) exhibited the strongest inhibition of NO production. Compounds 8, 10, and 13 inhibited NO production in a dose-dependent manner, with IC 50 values of 10.7 µM, 9.03 µM, and 12.8 µM, respectively (l " Fig. 4) . N G -monomethyl-L-arginine (L-NMMA), a wellknown NOS inhibitor, was tested as positive control. The inhibitory effect of compounds 8, 10, and 13 was higher than that of L-NMMA, compound 10 being the most potent. On the other hand, compounds 1-3 showed cytotoxicity at 10 µM. Compounds 4-7, 9, 11, and 12 did not show significant activity on NO production in the range of 1 to 10 µM. Activated microglial cells produce excessive inflammatory substances, such as NO, cytokines, and prostaglandins. NO derived from inducible NOS in LPS-activated microglia is an important mediator of inflammation and neuronal cell death [22] . Compounds 8, 10, and 13 may have therapeutic potential in diseases associated with increased NO production. Trends Neurosci 1997; 20: 132-139 Fig. 4 Compounds 8, 10, and 13 inhibited NO production in LPS-activated BV-2 cells. Nitrite was measured using Griess reagent at 24 h after treatment with LPS in the presence or absence of samples. Data are presented as the mean ± SD of three independent experiments. **P < 0.01, ***p < 0.001 versus LPS alone.
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